Elderly patients with primary hyperparathyroidism accompanied by other diseases are often denied referral for parathyroidectomy because of the associated risks of general anesthesia and bilateral neck exploration. However, marked symptomatic improvement is recognized after successful parathyroidectomy. The purpose of this report is to examine the postoperative outcome of geriatric patients undergoing "limited" parathyroidectomy.
Objective
Elderly patients with primary hyperparathyroidism accompanied by other diseases are often denied referral for parathyroidectomy because of the associated risks of general anesthesia and bilateral neck exploration. However, marked symptomatic improvement is recognized after successful parathyroidectomy. The purpose of this report is to examine the postoperative outcome of geriatric patients undergoing "limited" parathyroidectomy.
Methods
Since 1993, 291 consecutive patients with primary hyperparathyroidism were treated with "limited" parathyroidectomy guided by preoperative localization and intraoperative parathyroid hormone assay. In 34 of the procedures (29 initial, 5 reoperations), the patient was 75 years or older; these patients are the subject of this report. Patients were followed up for serum calcium, parathyroid hormone levels, and symptomatology.
Results
Twenty-seven patients were followed up for 31 (range 6 -84) months: all remained normocalcemic after single gland exci-sion guided by intraoperative parathyroid hormone assay. Another six patients in the immediate postoperative period had normocalcemia. One patient had persistent hypercalcemia. Unilateral neck exploration was possible in 29 patients. The average operating time for initial parathyroidectomy was 50 (range 20 -130) minutes. Nineteen patients were eligible for ambulatory surgery. Seven were discharged without an overnight stay, 11 had a 23-hour "social" admission, and one was kept overnight after a prolonged surgical procedure. Permanent hypoparathyroidism and laryngeal nerve injury were not observed. The mortality rate related to the procedure was 0%; there was one postoperative (do not resuscitate) death caused by colonic hemorrhage. With an average follow-up of 2 years, 64% of the patients had marked improvement of symptoms.
Conclusion
Adjunctive use of preoperative localization and intraoperative parathyroid hormone assay has made "limited" parathyroidectomy a safe, effective treatment option in geriatric patients with primary hyperparathyroidism.
In the geriatric age group, patients with the diagnosis of primary hyperparathyroidism often go untreated, with most therapeutic emphasis being placed on their more serious comorbid diseases. This is unfortunate, because many of these patients have symptoms related to hyperparathyroidism that could be improved with parathyroidectomy. It is a frequently neglected problem, as shown in large survey studies reporting that 2% of all elderly patients and 3% of women 75 years of age or older have primary hyperparathyroidism. 1 Few investigators report the outcome of parathyroidectomy in many of these patients, and when this procedure is reported, it is usually performed for advanced disease, suggesting that physicians are hesitant to offer surgical referral to their older patients. 2 Some of the reluctance to recommend parathyroidectomy in this age group centers around the risks of anesthesia and the extensive bilateral neck exploration used in a conventional parathyroidectomy.
Since 1993, we have used two surgical adjuncts in patients undergoing parathyroidectomy: Tc-99m-sestamibi nuclear scans for preoperative localization and intraoperative parathyroid hormone assay (QPTH) for rapid confirmation of excision of all hypersecreting glands. These modalities allowed a change in our surgical approach to primary hyperparathyroidism by not only improving the success rate, as measured by a return to normocalcemia, 3 but also by substantially simplifying the surgical procedure from a bilateral neck exploration under general anesthesia to a simpler outpatient procedure. 4 The procedure can be done under light general or local anesthesia with conscious sedation. The purpose of this article is to report the outcome of "limited" parathyroidectomy in geriatric patients.
PATIENTS AND METHODS
In the past 7 years, 291 consecutive patients with sporadic primary hyperparathyroidism have undergone a "limited" parathyroidectomy at our institution. This is defined as a parathyroidectomy guided by preoperative parathyroid gland localization with a Tc-99m-sestamibi nuclear scan and the use of a rapid parathyroid hormone assay (QPTH) for intraoperative confirmation of complete excision of all hypersecreting glands. This approach is considered a "limited" parathyroidectomy because further exploration for visualization or biopsy of the remaining nonhypersecreting parathyroid glands is unnecessary. The QPTH hormone assay allows a parathyroidectomy restricted to only the hyperfunctioning gland or glands. As shown in Figure 1 , the Tc-99m-sestamibi scan of a right inferior parathyroid adenoma allows a precise approach so the surgeon can begin the search with minimal dissection in this area. This preoperative localization method has a sensitivity of 85% with a false-positive, false-negative rate of 18%, which limits its usefulness as a stand-alone surgical adjunct. 5 However, combined with the intraoperative measurement of the intact parathyroid hormone, it becomes an important part of a "limited" parathyroidectomy.
To ensure that a limited exploration is successful, the quantitative determination of parathyroid hormone levels is a vital step in this surgical approach. Figure 2 shows an intraoperative graphic representation of the plasma hormone concentration before and after the excision of a single hypersecreting parathyroid gland. With an intact parathyroid hormone half-life of 3 to 4 minutes, a significant drop in the hormone level, from a sample taken 10 minutes after the resection of a suspected gland, predicts the postoperative serum calcium level with a sensitivity of 98%. This intraoperative assay allows the surgeon to distinguish between single or multiglandular disease and the excision of any nonhypersecreting parathyroid tissue, such as a thyroid nodule or lymph node. This surgical adjunct has allowed a parathyroidectomy success rate of 98% with only minimal exploration in most cases. 5 Thirty-four patients 75 years of age or older were selected based on the diagnosis of sporadic primary hyperparathyroidism; they underwent a parathyroidectomy guided by preoperative localization and intraoperative intact parathyroid hormone assay. The average age was 79 (range 75-90) years. There were 29 initial and 5 reoperative parathyroidectomies performed in patients referred to our institution for persistent or recurrent hyperparathyroidism. Twenty-eight patients were symptomatic; six were asymptomatic, with indications for surgery resulting from high urinary calcium excretion, significant bone mineral density loss, or marked hypercalcemia.
Symptoms associated with primary hyperparathyroidism were frequently found in this age group as bone pain (50%), renal stones (15%), fatigue (15%), weakness (9%), polyuria (9%), dementia (9%), and hypercalcemic crisis (6%). As expected, comorbid conditions were also prominent, with "Limited" Parathyroidectomy in Geriatric Patients hypertension (35%), cardiac disease (32%), diabetes (15%), pulmonary disease (9%), lymphoma (3%), and Parkinson's disease (3%) described.
Postoperative follow-up consisted of measurements of serum calcium in the immediate postoperative period and serum calcium and intact parathyroid hormone levels at 6 months and yearly. A telephone questionnaire was used for symptomatic evaluation. Twenty-eight patients were followed up for an average of 31 (range 6 -84) months; 6 patients were evaluated within a postoperative period of less than 6 months.
RESULTS
The surgical success rate in these 34 elderly patients was 97%. Thirty-three patients became normocalcemic after parathyroidectomy, although six had been followed up only for less than 6 months. These results were achieved with excision of a single hypersecreting parathyroid gland in all 33 patients. None of these patients had multiple gland involvement. In 29 patients a precise unilateral neck exploration was possible. The other five underwent bilateral neck exploration as a result of misleading or misinterpreted nuclear scans. The surgical time in patients undergoing an initial parathyroidectomy averaged 50 (range 20 -130) minutes; in the reoperative patients, the surgical time averaged 125 (range 70 -170) minutes. Nineteen patients were eligible for ambulatory surgery and seven were discharged without an overnight stay. Eleven had a 23-hour admission for social reasons such as living alone, serving as caretaker for an invalid spouse, or having a distant residence. One patient was kept for overnight observation after a prolonged surgical procedure. The other patients were already in the hospital for treatment of comorbid disease or hypercalcemic crisis. There was no laryngeal nerve injury or permanent hypoparathyroidism. One surgical failure occurred after a previous attempted parathyroidectomy. In this case, a single gland in the superior mediastinum, which was well visualized on nuclear scan, proved to be impossible to reach from a cervical incision. The location was misinterpreted as a result of severe kyphosis, which distorted the placement of the nuclear scan-detected gland. One postoperative death occurred in a 75-year-old mentally obtunded patient who had recently undergone a failed parathyroidectomy for hypercalcemic crisis. Although he had been declared do not resuscitate, a rapid "limited" parathyroidectomy was performed to remove a previously overlooked adenoma. Postoperative calcium supplements returned his serum calcium to normal levels, but his mental condition did not improve. His family would not allow further resuscitation, and he died of untreated lower gastrointestinal bleeding.
Twenty-two (65%) of these geriatric patients responded to the telephone inquiry about symptoms. Although some patients were considered unable to respond in a reliable way, 14 noted symptomatic improvement after their parathyroidectomy, 7 stated they had no change although 4 were asymptomatic before surgery, and one patient declared she was feeling worse, with bone pain. Sixty-four percent of the responding patients noted marked symptomatic improvement.
DISCUSSION
In geriatric patients, an improved quality of life after a successful surgical procedure for primary hyperparathyroidism is well documented. 6, 7 However, some physicians have been reluctant to consider parathyroidectomy in elderly patients and prefer a conservative, nonoperative approach, despite the fact that many symptoms could be improved by definitive surgery. In these patients, many with comorbid conditions, the risks of general endotracheal anesthesia and a bilateral neck exploration must be weighed against the severity of symptoms, bone mineral density loss, calcium dysfunction, and expected longevity.
In the past 7 years, a change from the conventional surgical approach to a less invasive, "targeted" parathyroidectomy has been made possible with the use of preoperative localization and the intraoperative measurement of parathyroid hormone. These two surgical adjuncts essentially allow the surgeon to excise a targeted parathyroid gland with minimal dissection, followed by rapid hormone analysis to determine whether all hypersecreting tissue has been removed. If the plasma hormone level drops significantly, no further dissection is necessary. Specifically, a bilateral neck exploration to search for the other parathyroid glands is unnecessary to rule out multiglandular involvement because the remaining glands are not secreting excess hormone.
Although multiglandular disease has been described in 20% to 30% of elderly patients and is considered more prevalent than in young patients with primary hyperparathyroidism, the present study found that single-gland involvement was present in all patients. [7] [8] [9] The difference is how multiglandular disease is defined. In conventional parathyroidectomy, multiglandular disease is determined by the size of the visualized parathyroid glands, and this, of course, is based on the experience and judgment of the surgeon. The current methodology acts like a "biochemical frozen section" and quantitatively identifies the resected hypersecreting parathyroid tissue. When all hyperfunctioning parathyroids have been excised, as shown by a significant drop in the parathyroid hormone level, the small incision is closed without further dissection or any attempt to visualize other glands.
Using QPTH to determine single or multiglandular involvement, 95% to 96% of patients with sporadic primary hyperparathyroidism are successfully treated with excision of a single gland. 10, 11 Based on the outcome of patients reported here and the incidence of all patients treated with QPTH guidance, we can expect that most patients in the geriatric age group will have a single hyperfunctioning gland involved and can be successfully treated with a "limited" parathyroidectomy.
An advantage of this type of minimally invasive parathyroidectomy in elderly patients is that with a short surgical time, a cervical block with local anesthesia and conscious sedation or a light general anesthesia can be used. In the present series, no permanent hypoparathyroidism or laryngeal nerve injury occurred. These complications have been reported to be as high as 4% to 9% in elderly patients undergoing parathyroidectomy with bilateral neck exploration. 8, 9 In our institution, the use of "limited" parathyroidectomy has changed the referral pattern of elderly patients. In the past, when bilateral neck exploration was the standard approach, only 7% of patients were 75 years of age or older. After "limited" parathyroidectomy became the procedure of choice and referring physicians became aware of this less invasive and safe procedure, the percentage of geriatric patients has increased to 12% (P Ͻ .05).
The postoperative mortality rate of parathyroidectomy using bilateral neck exploration in this age group has been reported to be 0% to 4%. 6, 7, 9 In contrast, a "limited" parathyroidectomy was tolerated well, with only one death in the present series. Parathyroidectomy in this moribund (DNR) patient was performed to determine whether the extreme hypercalcemia was contributing to his mental obtundation. Although normocalcemic, he died 12 days later of an untreated lower gastrointestinal hemorrhage.
With the currently available surgical adjuncts, "limited" parathyroidectomy allows a safe, successful surgical treatment for geriatric patients with primary hyperparathyroidism. We suggest that these patients can benefit from this definitive treatment and should be candidates when the criteria for surgical intervention are satisfied. 12
Discussion
DR. ROBERT BEAZLEY (Boston, Massachusetts): Thank you, Dr. Aust. Dr. Irvin has been a major contributor to the rapid evolution of the surgical management of parathyroid disease over these last 7 to 8 years. I think it is safe to say that limited parathyroidectomy is today the standard of care for the vast majority of patients with primary hyperparathyroidism using the sestamibi scan followed by quick intraoperative PTH as the surgical technique. We have failed to communicate our successes in dealing with this disease to our medical colleagues. We have communicated them to our endocrinology friends with whom we work closely, but in 75% of patients the treatment of primary hyperparathyroidism today is basically or essentially not much more than surgically involved than a cervical lymph node biopsy. This is hard to imagine, based on the history of this disease.
Dr. Irvin and Dr. Carneiro have, I feel, in a small group of older patients shown us what many parathyroid surgeons have known for a long, long time. To paraphrase comments of Dr. Norm Thompson from Ann Arbor when he visited us at Boston University, after one of the people in the audience asked him if there was any age limit to doing parathyroidectomy, and he said, "Absolutely not; some of my oldest patients are my best patients." I think that George's results concur with that.
I notice that four of the six asymptomatic patients stated they had no change after their operation. I question whether these individuals should not have been offered surgery, whether they should have been evaluated using different instruments or different techniques-for instance, the SFP34. Sometimes in dealing with older patients, talking to the family members rather than the patient gets you more information than you can get out of the patient. Should we simply do surgery all the time on these patients, knowing the insidious nature of this disease?
In this age of evidence-based medicine, George, do you think it is time that we do a prospective trial in primary hyperparathyroidism with which to educate our colleagues? Do you think it would be helpful, in view of these rapid changes that have occurred in the last 6 or 7 years, to have another consensus conference at NIH on hyperparathyroidism? Certainly, things have changed remarkably since the last one.
And, lastly, George, I had a little anxiety with your definition of "geriatric" at the age of 75. Since I think politically today it is fashionable to define age groups as generations-X generation, the baby-boom generation-why not just call the geriatrics what Tom Brokaw called them and what they clearly are: the greatest generation.
DR. ROBERT UDELSMAN (Baltimore, Maryland): Thank you, Dr. Aust. Dr. Irvin, I would like to congratulate you and acknowledge your previous contributions in the limited parathyroidectomy technique.
As you know, Felix Mandl performed the first successful parathyroidectomy. He did it without a sestamibi scan, he did it without a PTH assay before, during, or after the surgery, and he did it under local anesthesia. Today you demonstrated an operative success rate of 97% in the geriatric population by employing a "limited" technique combined with sophisticated technology.
I have two questions. Based on series such as your own, are there any reasons to decline surgical treatment for any patient with biochemically proven primary hyperparathyroidism? How do you approach a patient with a negative preoperative sestamibi scan, and does the lack of localization preoperatively influence your indications for surgery? Thank you.
DR. GEORGE L. IRVIN III (Miami, Florida): Thank you. Dr. Beazley, in asymptomatic patients, if they have bone mineral density loss, there is pretty good proof in the New England Journal of Medicine, 1999; 341: 1249 -1285, showing that parathyroidectomy will increase the bone min-Vol. 233 • No. 5 "Limited" Parathyroidectomy in Geriatric Patients eral density concentration 8% in 1 year and 12% in 10 years. Patients who lack bone mineral density can certainly be improved by parathyroidectomy. I agree with you that some of the elderly members of our organization are part of the greatest generation.
Dr. Udelsman all these fancy technical things that we do certainly should not take the place of good surgical judgment. That should be considered in every patient, especially in this age group.
How do we handle the negative scan? We do a bilateral differential study from both jugular veins before we even operate on the patient. While they are on the table, we will do a fine-needle aspiration stick of the jugular vein blood to see if we can't get a step up in the hormonal level to see what side it is localized to, and proceed from there. So, yes, this is technically an interesting new concept that has been around for a while. It is now being used in several places around the country. I suspect it will become more and more popular as the price comes down and the technique becomes quicker. Thank you very much.
